ABSTRACT -Characterizing genetic diversity based on evaluations involving germination and seed vigor, is a fundamental stage in starting the development of a cultivation system for Calotropis procera. Thus, this study aimed to estimate genetic diversity among 35 C. procera genotypes based on germination and vigor of seeds stored for 1 year. The genotypes, which originated from areas in Paraíba (Brazil), where they occur naturally, were collected and stored in March 2014. In order to evaluate the physiological potential of the seeds, two experiments were conducted between March and April 2015. The first involved a propagation test conducted in a germination chamber, while the second involved an emergence test in washed sand, performed in polyethylene trays in a screened environment under uncontrolled conditions. In both experiments, an entirely randomized design was used, with four repetitions of 25 seeds per genotype. The characteristics evaluated were germination, average daily germination, daily germination speed, the speed of germination index, the plantlet vigor index, emergence, the speed of emergence index, total length, and total dry mass. The results showed that genetic variability exists among the C. procera genotypes for variables involving germination and vigor of seeds stored for 1 year. Also, emergence, total dry plantlet mass, and germination characteristics contribute most to the genetic divergence among C. procera genotypes.
INTRODUCTION
The main challenges for agricultural development in semiarid regions include the production and availability of fodder during the dry season. These are directly associated with partial or total losses of herds in the Northeast and can often be attributed to a lack of knowledge or even disuse of vegetal species with high productive potential that could be used in the dry season (ANDRADE et al., 2010) .
Conversely, xerophytic plant cultivation arises as an alternative for guaranteeing the production of fodder in years with low precipitation and providing food during the dry period, whether in the form of hay, silage, or in natura. Among those plants with the potential to be cultivated in xerophytic farming, silk flower (Calotropis procera (Aiton) WT Aiton) has stood out, mainly because it adapts to a wide range of arid and semiarid regions throughout the world, representing an alternative for minimizing the scarcity of animal feed during critical dry periods (MELO et al., 2001; COSTA et al., 2009 ). The C. procera species features rigorous regrowth after cutting, foliar resistance, tolerance to saline soils, is satisfactorily accepted by animals, and is an excellent source of protein for herds (SILVA et al., 2009; ARRUDA et al., 2011) . Another attractive characteristic is its ability to provide phytomass throughout the year.
Although numerous studies have determined the fodder potential of C. procera (LIMA et al., 2004; ANDRADE et al., 2005; ANDRADE et al., 2008; SOUTO, 2009) , Costa et al. (2009) highlighted the need for more studies regarding the way it is produced. In the vegetal species domestication process, information concerning seed physiological potential, particularly germination and plantlet growth evaluations, constitutes an initial stage in developing a cultivation system. Consequently, C. procera seed germination has been well studied, particularly regarding various temperatures (SILVA et al., 2009; OLIVEIRA-BENTO et al., 2013) and substrates (SILVA et al., 2009; OLIVEIRA-BENTO et al., 2013) , as well as wastewater use (CARVALHO JÚNIOR et al., 2010) , and seed storage conditions (OLIVEIRA-BENTO et al., 2015) . However, there is a lack of published information concerning the physiological potential of its seeds after long storage periods, in particular, characterizing germination variability in the species' genotypes. Thus, this study aimed to estimate genetic divergence among C. procera genotypes, based on germination and the vigor of seeds stored for 1 year.
MATERIAL AND METHODS
The fruits from a total of 35 C. procera genotypes were gathered in March 2014 in areas of the State of Paraíba, Brazil, in which the species occurs naturally (Figure 1 ). The fruits were collected from plants located a minimum distance of 1000 m from each other, and choosing fruits with complete physiological maturity (i.e. open pods and brown seeds). The seeds were extracted manually, exposed to the sun for 8 hours and then stored in paper bags at ambient temperature for 1 year.
Two experiments were conducted between March and April 2015 to evaluate the seeds' physiological potential. The first was a propagation test conducted in a BOD (biochemical oxygen demand) germination chamber at the Cultivated Plant Ecophysiology Laboratory located at the Três Marias Integrated Research Complex, of Paraíba State University, Campus I, Campina Grande -PB (Brazil). For this, four subsamples of 25 seeds per genotype were spread over two sheets of paper towel (Germitest ® ) and covered by another, all previously wet with distilled water (2.5 g g -1 of paper) and then rolled up, before they were conditioned in plastic bags and randomly allocated in the interior of a germination chamber for 10 days.
The germination counts were performed between the 6 th and 10 th days after sowing, using the normal plantlet concept described in Rules for Seed Analysis (BRASIL, 2009 ). On the 10 th day before ending the experiment, five normal plantlets per repetition were collected at random, which were used to quantify the length (PL1), and, after oven drying at 65 °C for 48 hours, the dry mass (DP1) was quantified.
After gathering the germination, growth, and dry mass data, the germination percentage (GP) (BRASIL, 2009) For the second experiment, an emergence test in washed sand was performed in polyethylene trays spread over a worktop inside a screened environment under uncontrolled conditions, at the Brazilian Agricultural Research Company (Embrapa Algodão), Campina Grande -PB (Brazil). An entirely randomized experimental design was used, with four repetitions of 25 seeds per genotype. The substrate was wet until reaching 60% of its total retention capacity and irrigation was carried out daily until reaching moisture levels close to the initial value. The emergence counts were conducted between the 6 th and 21 st days after sowing. At the end of the experiment, five plantlets per repetition were evaluated for total length (TL2) and total dry mass (TP2). Once this data was gathered, the final emergence percentage (EP) on the 21 st day after sowing (BRASIL, 2009), the speed of emergence index (SEI) (MAGUIRE, 1962) , and the plantlet vigor index (PVI2) (MAROUFI; FARAHANI; MOAVENI, 2011) were calculated.
The data for the variables were initially analyzed by variance analysis using the F test, followed by a genetic diversity study using Tocher's optimization method and cluster analysis using the unweighted pair group method with arithmetic mean (UPGMA) hierarchical method, based on the dissimilarity matrix from Mahalanobis (D 2 ). Moreover, multivariate and canonical variable analysis was carried out using the GENES software (CRUZ, 2006) . Table 1 GPs  of  75  and  90% , respectively, while Oliveira-Bento et al. (2013) reported 94% GP and an AGT of 5.60 days. Thus, a reduction in seed physiological potential was observed in this study, which may be related to the storage time. By evaluating the storage period for C. procera seeds, Oliveira-Bento et al. (2015) also verified reductions in GP, EP, and in the SEI after 180 days storage, which decreased from 95, 42, and 4.12% to a corresponding 80, 38, and 3.94%, respectively. This information is important as it concerns a species with cultivation potential that is also in the initial phase of domestication. Loss of plantlet vigor is associated with storage time. Furthermore, it is not recommended that C. procera is stored at ambient temperature, as the species' seeds are small, easily permeable, and do not remain dormant, which favors a loss in viability. Table 1 . Average values of the variables including germination (GP) (%), average daily germination (ADG) (% day -1 ), daily speed of germination (DSG), speed of germination index (SGI), average germination time (AGT), plantlet vigor index (PVI1), total length (TL1) (cm), total dry mass (TP1) (g), plantlet emergence (EP) (%), total length (TL2) (%), total dry mass (TP2) (g), speed of emergence index (SEI), and plantlet vigor index (PVI2), related to the two experiments with 35 silk flower (Calotropis procera (Aiton) WT Aiton) genotypes. The cluster analysis for the 35 genotypes using Tocher's method resulted in the formation of four distinct groups ( Table 2 ). The first group included 68.57% of the genotypes (24), with the average values for GP, PL1, PL2, TP1 and TP2, which are considered important characteristics for crop improvement, lower than the general values. The second group consisted of eight genotypes, which unlike group 1, had higher average values for GP, PL1, PL2, TP1, TP2, and AGT than the general averages, indicating that they are genotypes with the potential for improving C. procera. The third group had only two genotypes (15 and 20), which had lower AGT and consequently, higher PVI1 and PVI2, particularly genotype 20, which qualifies them as individuals with potential for interbreeding. However, new evaluations should be conducted under field conditions to verify their respective productive potentials.
RESULTS AND DISCUSSION
The fourth group comprised only genotype 21, which due to its value as a genetic resource, should be the target of more research to prove whether or not it can be used in improvement programs. Selecting genotypes with cultivation potential aims to obtain plants with improved characteristics, namely greater germinative potential and seed vigor. Table 2 . Clustering of 35 silk flower (Calotropis procera (Aiton) WT Aiton) genotypes using the Tocher method.
With the aim of observing the dissimilarity between the "inter-and intragroup" individuals in more detail, clustering was done using the UPGMA method. Accordingly, a tree diagram (dendrogram) could be visualized, along with its respective connection points, allowing to holistically estimate the genetic diversity among the genotypes (Figure 2 ).
The UPGMA method was able to significantly represent the genetic diversity existing among the genotypes, with a satisfactory cophenetic correlation coefficient (CCC) (0.7648). This index indicates the degree of distortion, with regards to the representation of similarity between individuals in a dendrogram, in which values close to the unit represent little distortion. According to Rohlf (1970) , a CCC less than 0.7 indicates that mismatching has occurred in the genotype cluster, namely, real genetic diversity is not reliably represented in the two-dimensional array. 
1
The level of dissimilarity cut-off point of 274.05 using the Mojena criterion (MOJENA, 1977) corresponded to approximately 33% of total dissimilarity, which enabled three groups to be formed. Unlike the results observed using the Tocher clustering method, genotype 21 remained in group 1, while genotypes 8 and 18 were included in group 2. However, group 3 was similar in both cluster methods and contained genotypes 15 and 20, for which the greatest divergence was found in relation to the others, given the high genetic distance observed (Figure 2 ). Genotype 20 was responsible for high PVI1, PVI2, and low AGT, which shows considerable potential for possible interbreeding, as a way of improving the seed vigor of new generations.
The selection of genotypes with seeds showing improved germinative potential and plantlet growth, particularly after 1-year storage, is indicated for future genetic improvement programs focusing on agricultural use. This conclusion is based on the success of the next steps in the evaluation of species growth, such as the morphophysiological or even molecular descriptors, which mainly depend on initial plant development. These variables are also important in identifying promising genotypes, particularly non-domesticated species, such as silk flower, given that this is an important stage in their domestication. However, despite the importance of germination and emergence variables, in future studies, the same materials need to be evaluated, considering the whole phenological cycle of genotypes.
When genetic diversity is studied using the canonical variables method, the main aim is to identify similar genotypes in twoor three-dimensional scatter plots, which makes it easier to simplify the interpretation of the results (NEGREIROS et al., 2008) . In this paper, the analysis using the canonical variables method significantly represented all of the genetic diversity existing between the genotypes in a two-dimensional chart. Thus, the existence of genetic variability between the genotypes evaluated was verified. The first two canonical variables represented 83.04% of the total variation, with 70.36 and 12.67% in the first and second canonical variable, respectively. These values are within the estimate proposed by Cruz and Regazzi (1997) , in which the minimum variation estimate contained in the first two canonical variables was 80%. Figure 3 shows the spread of the 35 genotypes, based on the first two canonical variables. In agreement with the UPGMA method, the same three groups were formed, indicating the high potential for these characteristics to represent the genetic diversity among the genotypes studied. Identification of the characteristics that least influenced the differentiation of the genotypes evaluated by the canonical variables was based on isolating the variables that presented the greatest weight in the last eigenvectors. The results allow for variables to be ignored in future studies, reducing research time and costs. In this study, the variables that least influenced the genotype differentiation were AGT > SGI > DSI > PVI2. Therefore, it is proposed that AGT is ignored in future studies.
In quantifying the relative contribution of the characteristics to genetic diversity, the method proposed by Singh (1981) was used. Accordingly, based on the dissimilarity measures obtained using the Mahalanobis (D²) method, it was possible to obtain the Sj values (in which S is the measure of importance relative to the j variable) for the 13 variables (Table 3) . It was observed that the EP, TP1, and GP variables contributed most to the differentiation of the 35 genotypes, accounting for 52.92% of the total distribution. Hence, EP, TP1, and GP can be considered useful variables in future studies to evaluate C. procera seed germination, even after 1-year storage. Furthermore, genotypes that produced seeds expressing improved EP, TP1, and GP should be included in future C. procera improvement programs, as these are essential characteristics for success in cultivation.
Conversely, the PVI2, ADG, and PL2 variables had the lowest Sj estimates and, thus, unimportant in evaluating the general divergence between the silk flower genotypes evaluated. Hence, PVI2, ADG, and PL2 should not be used in future studies. 1 EP -plantlet emergence; TP1 -total dry mass (experiment 1); GP -germination; TL1 -total length; TP2 -total dry mass (experiment 2); AGT -average germination time; PVI1 -plantlet vigor index; SGI -speed of germination index; DSG -daily speed of germination; SEI -speed of emergence index; TL2 -total length (experiment 2); ADG -average daily germination; PVI2 -plantlet vigor index (experiment 2).
CONCLUSIONS
Genetic variability exists among the C. procera genotypes regarding germination and seed vigor variables for seeds stored for 1 year. EP, TP, and GP are the characteristics that contribute most to genetic divergence among C. procera genotypes.
